Figure 4 Preparation of hCL5-expressing BV.
WT-BV and hCL5-BV were subjected to SDS-PAGE, followed by

immunoblot. The lysate of HT1080/hCL5 cells was used as a
positive control.
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Figure 5 hCL1 expression in HT1080/hCL1 cells.

Lysates of HT1080, hCL1-expressing HEK293 (HEK293/hCL1) and
hCL1-expressing HT1080 cells (HT1080/hCL1) were subjected to
SDS-PAGE, followed by immunoblot. The lysates of HT1080 and
HEK293/hCL1 were used as a negative and positive control.
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Figure 6 hCL2 expression in HT1080/hCL2 cells.

Lysates of hCL2-expressing Budded Baculovirus (hCL2-BV), HT1080
and hCL2-expressing HT1080 cells (HT1080/hCL2) were subjected to
SDS-PAGE, followed by immunoblot. The lysate of HT1080 and
hCL2-BV were used as a negative and positive control.
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Figure 7 hCL4 expression in HT1080/hCL4 cells.

Lysates of CL4-expressing L cell (L cell/CL4), HT1080 and
hCL4-expressing HT1080 cells (HT1080/hCL4) were subjected to
SDS-PAGE, followed by immunoblot. The lysates of HT1080 and L
cell/CL4 were used as a negative and positive control.
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Figure 8 hCL5 expression in HT1080/hCL5 cells.

Lysates of HT1080 and HT1080/hCL5 (10 pg/lane) were subjected
to SDS-PAGE, followed by immunoblot. The lysate of HUVEC cells
was used as a positive control.
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Figure 9 Immunization of hCL2-BV.

(A) The schedule of immunization and sample collection. Mice were
immunized subcutaneously and intramuscularis with 0.6 mg of hCL2-BV
in PBS and TiterMax Gold once two weeks for a 4 week period. Seven
days after immunization, serum and spleen were collected. (B) Detection
of specific anti-CL2 antibodies. Immunoplate was coated with 0.5 pg
WT-BV or hCL2-BV and diluted serum were added to the immunoplate.

Antibodies in serum bound to the BV-coated plate were detected by ELISA
with anti-mouse IgG antibody.
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- GAPDH

Figure 10 Preparation of cDNA for construction of scFv phage
display library.

cDNA was made from mRNA purified from spleen in mice immunized
with hCL2-BV. By using the cDNA, GAPDH expression was analysed
by RT-PCR. The PCR products were subjected to agarose gel
electrophoresis, followed by staining with ethidium bromide.
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Figure 11 Screening of a hCL2 binder.

A) Enrichment of phages with affinity to hCL2-BV. Immunoplate coated
with hCL2-BV were incubated with the scFv phage library at 2.1x10E6 CFU
titer (1st input phage). The phages bound to hCL2-BV were recovered
(1st output phage). The hCL2 -BV-binding phages were subjected to two
additional cycles of the incubation and wash step, resulting in 2nd, 3rd
output phage. The ratio of output phage to input phage titers was
calculated.

B) Monoclonal analysis of scFv phage. Phage clones after 3rd round panning
with hCL2 -BV were adopted to the WT- or hCL2-BV-coated immunoplates.
Phage clones bound to the CL-BV-coated immunoplates

were detected by ELISA with an anti-M13 mAb.
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Figure 12 CL-binding characterization of the isolated hCL2 binders.
Monoclonal analysis of scFv phage. Phage clones after 3rd round panning
with hCL2 -BV were adopted to the WT-, hCL1-, hCL2-, hCL4-, hCL5-BV-
coated immunoplates. Phage clones bound to the CL-BV-coated

immunoplates were detected by ELISA with an anti-M13 mAb.
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Figure 13 Panning of a hCL2 binder.

Enrichment of phages with affinity to hCL2-BV. Immunoplate coated
with hCL2-BV were incubated with the scFv phage library at 8.1x10E11
CFU titer (1st input phage). The phages bound to hCL2-BV were
recovered (1st output phage). The hCL2-BV-binding phages were
subjected to another additional cycle of the incubation and wash step,
resulting in 2nd output phage. The ratio of output phage to input phage
titers was calculated.
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Figure 14 Panning of a hCL1 binder.

Enrichment of phages with affinity to hCL1-BV. Immunoplate coated
with hCL1-BV were incubated with the scFv phage library at 8.1x10E11
CFU titer (1st input phage). The phages bound to hCL1 -BV were
recovered (1st output phage). The hCL1-BV-binding phages were
subjected to another additional cycle of the incubation and wash step,
resulting in 2nd, 3rd output phage. The ratio of output phage to input
phage titers was calculated.
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purification kit ZFHWVTHEL ., scFv BizF &L=,
scFv iE{GF%& Ncol . Notl T 37°C, 20 ERMMEL .
YIY LR E(T o7z, B#RIT Nco I Not [ T2 h 4138
L. VIVHELEESILT- pY03 ~importina® 1 u g, scFv
BIZF% 0.8 1 g FALVT T4 DNA ligase Z LN T 16°CIC
T—BSA 5 —Larv RISETEo =, Bonf=5145
—3avEY% PCR Purification Kit TS L1z, 514
—avEWEKRBE TG (STRATAGENE) IZTL Sk
ARL—2a B EICEYBBEBALIZ, ZDE.
100 4 g/ml ampicillin sodium &#&EBE 2% D-glucose %
ALYz LB ¥y (LAG Hih) FL—hCiBRELT:,

30

—BIEEZOXBEOIO-—% LRI —/—(2
&Y LAG M TREIURLz, COKRGEBAREREE
10%&735 K327 )0—IL (FHSAFARY) iR
LT-80°CTREL. scFv 4TS5 &L =,

B.2 IL/rERL—I3>

TGl &5 UEA—)LARYI A5 2YT (2-YT BROTH,
Invitrogen) B&Hh 2 ml T—MREEEL -, B H. 2YT 554
200 ml |2 OD600 = 0.05-0.1 &% 2 K3 IZHEZ ., 37°C
T OD600 = 0.4-0.6 FTHEELI-, TD#. 4°C. 3000
rom 10 SEEDABEL. EFEEE T, miliQ MZH
AL, &5(24°C, 3000 rpm 10 HEEDLSBEL. LiF
Tl COESEEE=RBYIRLI-%. TG £#
REA0BDT)EO—)LEEL SP K THEALIZ, TG
BRSO pl ESAT—aVEW 1 1l (30 Eybh) ik
E£T 15 PEGLEER.BEREFAVMIREL.
Gene pulser® (Bio—Rad Laboratories) ZFLNTE R
WILVREEZ 1= (Ecl), Dk, $RBE 2% D-glucose
ZHRMUAE2YT 2YTG) HEHh 950 p1(ZFEL.37°CT1
BRHIREBEELT-, Titer check BELT. COKXKEHE
BRDS5B 50 41% 100 4 g/ml ampicilin sodium %5
faL7z 2YTG (2YTGA) 1T 10>-10° E&HRL. Rk
1)J4JL L (3M Microbiology Products) (2=, 37°CT
—BEEER, On=—HEHATEILTIAITSUD
PAXERO -, F. BYOKBEBRRETL—F 1
B&HT=YU# 300 pl L7415 K51T LAG #E#hTL—F 40
BICHEBIELZ, BH. FL—F 1 &H1=Y 2 ml D LAG
B TEILRIL—R—ZEVNTKBELZE L., &
RE 10%LGEH KT ) Ea—)LEFML-80°C TR
=L,

B.3 scFvI7—U34T5) D245 MR

ILYMARL—2ar OBRICERELIZAM I
LASAA=—%25UF LITEYIT YL, LA il 3
ml T—BREELfz, EDR. =T Ly TI2&Y plasmid
TR, FBEILT- plasmid Z8E EL T, primer &L
T pY03' -S-1 (5’ - caggaaacagctatgac—-3") #FL\, &
—D I REHEToT=,



C. IR#HEBR

hCL2-BV Z#i[R&EL THREL- CL-2BEFR
BIYVAMNLEEEREEL. total RNA ZH1H .
mRNA ZFE&L . cDNA #& LTz, 2D cDNA %
HBECLTEHFMERE (VH) RUBRHETES
B (VL) Z PCRICKYEIELT=, VH, VL &>
H—TEHREL THE = scFv i % Nco I/ Not 1 38
L pY03' [THEARATZ, BDNTz cDNA SATSY)
ZILYbARL—avikIcKYXKBE TG-1 (2
BALEEDESATSVEL=, BELESATS
DY A X% 8.2%10° CFU THo1=,

D. %

RIESATSYIE 10°-10° CFU BBEDSA4TSY)
YARXEBL. ERESATSVELLTEHMEDE
TREELIN.NEADERAEOETIEENA TS,
SEFEELT- hCL2 RIE scFv SATSUDSA4T3Y)
HAX[E 8.2%10° CFU THotz, SUHF LITEHL
=5 20U —2MDA. 2 DIE FLAG & scFv 218
RLTWZEMS, ZDT7—US4TS5UIE 405D
E| & TscFviBIEFZI—RLTWAIEN S Mo,
F . AR ECFORINDOESHEEIHREDES
[CEE VH $50 CDR3 fEIICELNTRONBZE
Mo, COEBICERLZECAIVO—CBTOTE
/BB ERBREN A SN T=(Table 1), FDT=OK
FA4T 5" E hCL-1 binder B ICEELERGE XY —
ZUTV—ATHHEEZ hCL-1 binder RF1J—=
DO ERRICHLE,

E. #55

AR, CLIRRNAF 2OV IILRAERETD
CEICKYFCLIAEE YO REF AL, CL-14%
B EscFVERIGICT 2 7iscFvSATSUEEBELT -,

F. @RERER
FHAHFRGL

G. IERFE

1.
1.

X R R
Yoshikawa M., Mukai Y., Tsunoda S., Tsutsumi Y.,
Yoshioka Y.., Okada N., Nakagawa S. : Modifying
the antigen—immunization schedule improves the
variety of monoclonal antibodies obtained from
immune—phage antibody libraries against HIV—1
Nef and Vif., J. Biosci. Bioeng., 111(5):597-599,
2011.

Abe Y. Yoshikawa T., Inoue M. Nomura T,
T., Nagano K., Nabeshi H.,
Yoshioka Y.., Mukai Y., Nakagawa S., Kamada H.,
Y., Tsunoda S.

Furuya T., Yamashita
Tsutsumi Fine tuning of

receptor—selectivity  for  tumor necrosis
factor—- & using a phage display system with
one—step competitive panning., Biomaterials.,
32(23):5498-504, 2011.

Narimatsu S., Yoshioka Y.., Watanabe H., Masano
T., Morishige T., Yao X,, Tanabe A., Tsunoda S.,
Tsutsumi Y., Mukai Y., Okada N., Nakagawa S. :
Lysine—deficient lymphotoxin—o. mutant for
site—specific PEGylation., 56(2):
489-493, 2011,

Narimatsu S., Yoshioka Y.., Morishige T., Yao X,
Tsunoda S., Tsutsumi Y., Nishimura ML, Mukai Y.,

Okada N., Nakagawa S. :

Cytokine.,

Structure—activity
relationship of T—cell receptors based on alanine
scanning., Biochem. Biophys. Res. Commun.,
415(4): 558-562, 2011.

Yamashita T., Okamura T., Nagano K., Imai S.,
Abe Y., Nabeshi H., Yoshikawa T., Yoshioka Y..,
Kamada H., Tsutsumi Y. Tsunoda S. : Rho
GDP-dissociation inhibitor alpha is associated
with cancer metastasis in colon and prostate
cancer., Pharmazie, 67: 253-255, 2011.

Yoshioka Y. Tsunoda S. Tsutsumi Y.
Development of a novel DDS for site—specific
PEGylated proteins., Chem. Cent. J., 5(25):1-86,

2011.



2.

T

R =

FEHRK

ARE— A TOTFAIOREIMICLS81ES
— T YNE IR EDONENIFER WL ERE
EMREE 16 BIFMiER, KR, 201146 B.
ABE—TNFBEZEERORIE EHEEREN.
REARBAOIGH BRFEEEYE 169FE
S5 35 ERFEE, BWIE 2011 £6 A.
AEE— RS TNF-o TEROBI B LA
SR BABEADILHH, CPhl Japan 2011, KR,
2011 £ 7 8.

AHEE—, BEE TNF-a TEADRISI LA
HREABADIGH. E7TEEHLO YTy
ROH L, BE, 2012£ 3 8.

MMM EEOHB-BHRKR

REFIE

HEEHAGL

2 ERAHERER
ZEBIELGL

3.

Dt

BAFELL

32



VL FR1 CDR1 FR2

CDR2  FR3 CDR3 FR4 (G4S)3

Clone 1

Clone 2 DIVMKQSHKFM KASQD  WYQQRPGQ \yrqrryy GVPDRFTGSGSGTDFT  QQYs FGAGTK GGGGSGGG
STSVGDRVSITC ~ MGSKVA SPKLLIY LTISNVQSEDLADYFC  SYPLT LELER GSGGGGS

Clone 3 DELTQSQKFMS  KASQD ~ WYQQKPGQ g,cypyy GVPDRFTGSGSGTDFT — QQHY FGGGTK GGGGSGGG
TSVGDRVSITC VSTAVA SPKLLIY FTISSVQAEDLAVYYC ~ STPYT LELKR GSGGGGS

Clone 4 DIVMTQTPASLY ~RASQSVSS WYQQKPGQ yagn pg GVPARFSGSGSGTDFTL g:'g,i"T" FGGGTK GGGGSGGG
VSLGQRATISC  SSYSYMH  PPKLLIK NIHPVKEEDTATYYC LELKR GSGGGGS

Clone 5 D/VMTQSHKFMS  KASQDV ~ WYQQKPGQ ¢,ov v GVPDRFTGSGSGTDFT — QQYS FGGGTK GGGGSGGG
TSVGDRVSITC STAVA SPKLLIY LTISNVQSEDLAEYFC ~ SYMYT LEIKR GSGGGGS

VH FLAG

Clone 1
EVQGVESGGGLVKPG vy WVRQAPEKGLE YISSGSSTIY RFTISRDNAKNTLFLOM ) o WGQGTT

Clone 2 g kiscanscrTes WVA YADTVKG ~ TSLRSEDTAMYYCAR LTVSS °
EVMLVESGGGLVAPG gyais WVRQTPEKR TISDGGSYTY RFTISRDNAKNNLYLQM DPWDVG — WGTGTT

Clone 3 GsikiscaasGFTFS LDWVA YPDNVKG ~ SHLKSEDTAMYYCAR YWYFDV VTVSS °

Clone 4

Clone 5 EVOLEESGGGLVKPG . . WVRQAPEKGLE YISSGSSTIY RFTISRDNAKNTLFLQM IGYYGSSY ~ WGTGTP .
GSLKLSCAASGFTES WVA YADTVKG ~ TSLRSEDTAMYYCAR NWYFDV LTVFL

Table 1 Amino acid sequence of scFv phage library.

Phage clones were randomly picked up from the scFv phage library, and the amino
acids sequences of scFv clones were analyzed.
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Exposure to nano-sized particles is increasing because they are used in a wide variety of industrial prod-
ucts, cosmetics, and pharmaceuticals. Some animal studies indicate that such nanomaterials may have
some toxicity, but their synergistic actions on the adverse effects of drugs are not well understood. In this
study, we investigated whether 70-nm silica particles (nSP70), which are widely used in cosmetics and
drug delivery, affect the toxicity of a drug for inflammatory bowel disease (5-aminosalicylic acid), an antibi-
otic drug (tetracycline), an antidepressant drug (trazodone), and an antipyretic drug (acetaminophen) in
mice. Co-administration of nSP70 with trazodone did not increase a biochemical marker of liver injury. In
contrast, co-administration increased the hepatotoxicity of the other drugs. Co-administration of nSP70 and
tetracycline was lethal. These findings indicate that evaluation of synergistic adverse effects is important

for the application of nano-sized materials.

1. Introduction

Nano-sized particles, which have a diameter of less than 100 nm,
are widely used in medicine, food, and machinery. With their
smaller size, the physical and chemical properties of their con-
stituents change, so that they may be toxic, for example to the
lungs or liver, even though macro-particles of the same materials
are not (Byrne and Baugh 2008; Nishimori et al. 2009b). Some
nano-sized particles show long-term accumulation or a wide dis-
tribution in the body (Byrne and Baugh 2008; Nishimori et al.
2009b; Xie et al. 2009; Yang et al. 2008).

Recent reports indicate that some nano-sized particles can gen-
erate reactive oxygen species (ROS) on their surfaces, leading
to cellular injury (Jin et al., 2008; Sharma et al. 2007; Ye et al.
2010). There are also many drugs that cause adverse effects
through the generation of ROS (Ali et al. 2002; Kovacic 2005;
Xu et al. 2008). Thus, nano-sized particles might enhance the
side-effects of some pharmaceutical drugs. Indeed, we have
shown that 70-nm silica particles (nSP70) cause liver injury
but that macro-sized silica particles with a diameter of 300
and 1000 nm do not (Nishimori et al. 2009b). Also, when co-
administered to mice, nSP70 but not the macro-sized silica par-
ticles enhance the toxicity of cisplatin and paraquat (Nishimori
et al. 2009a). Surprisingly, co-administration of cisplatin and
nSP70 was lethal, suggesting that each chemical may have dif-
ferent synergistic effects in the presence of nano-sized materials.
In the current study, to clarify the influence of nano-sized mate-
rials on the adverse effects of chemicals, we assessed the toxicity
inmice of 5-aminosalicylic acid (an agent for treating inflamma-
tory bowel disease), tetracycline (a broad-spectrum antibiotic),
trazodone (an antidepressant), and acetaminophen (a common
antipyretic analogue) in the presence or absence of nSP70.
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2. Investigations and results

Several reports indicate that S-aminosalicylic acid, which is used
to treat inflammatory bowel disease, causes liver injury and inter-
stitial nephritis (Deltenre et al. 1999; Margetts et al. 2001).
Administration of 5-aminosalicylic acid caused an increase
in ALT, AST and BUN levels (Fig. 1). Also, nSP70 dose-
dependently elevated ALT and AST levels. Co-treatment with
5-aminosalicylic acid and nSP70 resulted in higher levels of
ALT and AST than nSP70 alone. In contrast, changes in BUN
levels in response to 5-aminosalicylic acid were not affected by
nSP70.

Next, we investigated effect of nSP70 on tetracycline, a broad-
spectrum antibiotic. As shown in Fig. 2A and 2B, administration
of tetracycline did not elevate biochemical markers for liver
injury. In contrast, co-administration with nSP70 resulted in the
synergistic induction of liver injury. However, nSP70 alone did
not cause kidney injury. Importantly, co-administration of 30
and 50 mg/kg nSP70 with tetracycline resulted in the death of 1
of 4 and 2 of 4 mice, respectively.

Finally, we investigated effect of nSP70 on toxicity of the antide-
pressant trazodone and the antipyretic analgesic acetaminophen.
We found that nSP70 did not have a synergistic effect on the
toxicity of trazodone (Fig. 3). In contrast, co-administration
of acetaminophen with nSP70 caused synergistic liver injury
(Fig. 4).

3. Discussion

In this study, we showed that nSP70 synergistically enhance
the toxicity of S-aminosalicylic acid, tetracycline, and
acetaminophen but not trazodone. To avoid direct interac-
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Fig. 1: Effect of nSP70 on 5-aminosalicylic acid (5-ASA)-induced toxicity Mice were injected intraperitoneally with 5-ASA at 0 (open column) or 500 mg/kg (gray column) and
intravenously with nSP70 at the indicated doses. After 24 h, the serum was collected. Shown are the levels of ALT (A), AST (B), and BUN (C). Data are means = SEM

(n=4)

tions between nSP70 and chemicals in their administration
and absorption, nSP70 and chemicals were administered intra-
venously and intraperitoneally, respectively. Administration of
nSP70 alone has been shown to cause liver injury but not kid-
ney injury (Nishimori et al. 2009b). Also, in this study, nSP70
did not enhance kidney injury induced by 5-aminosalicylic acid
or tetracycline, two drugs known to be nephrotoxic (Grisham
etal. 1992; Kunin 1971). The renal toxicity of cisplatin, another
nephrotoxic chemical, was unaffected by nSP70 (Nishimori
et al. 2009a). Like S-aminosalicylic acid, tetracycline, and
acetaminophen (Chun et al. 2009; Herzog and Leuschner 1995;
Kunin 1971), nSP70 is hepatotoxic (Nishimori et al. 2009b),
and we showed here that its co-administration synergistically
enhanced liver injury. These findings indicate that nSP70 may
enhance the toxicity of certain chemicals. Therefore, it will be
important to assess the tissue-specific risk of nano-sized mate-
rials.

The nSP70 particles had a lethal effect when combined with
tetracycline. The 50% lethal dose of tetracycline is 318 mg/kg
by intraperitoneal injection in mice. A previous report showed
that 100 mg/kg nSP70 is lethal in 100% of mice (Nishimori et al.
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2009b). A single injection of tetracycline (100 mg/kg) or nSP70
(30 or 50 mg/kg) alone was not lethal in this study but a combi-
nation of the two was. Co-administration of cisplatin and nSP70
showed a similar synergistic lethal effect. This could be due
to an interaction between nSP70 and serum albumin. Tetracy-
cline in the bloodstream can bind to albumin (Popov et al. 1972;
Powis 1974). Likewise, serum albumin adsorbs onto nano-sized
silica particles (Dutta et al. 2007). When injected intravenously,
100-nm anionized albumin-modified liposomes are taken up by
hepatic endothelial cells and Kupffer cells (Kamps et al. 1997),
which normally clear chemically modified albumin (Jansen et al.
1991). Thus, tetracycline-bound serum albumin may adsorb
onto nSP70, causing it to be taken up by the hepatic endothelial
cells and Kupffer cells in the liver where it may accumulate and
cause lethal liver damage.

Indirect interactions between chemicals and nano-sized parti-
cles mediated by serum albumin may be useful for estimating
the toxicity of nano-sized materials. In this study, co-treatment
of mice with nSP70 (50 mg/kg) and tetracycline decreased
BUN levels compared to tetracycline alone or nSP70 (30
mg/kg) and tetracycline. A similar decrease in BUN levels
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